This paper discusses the modularization and installation of the FT4 gas turbine engines and the automatic propulsion control system aboard the high-speed container vessel, Euroliner, vanguard of four ships to open a new container transportation system in the North Atlantic.
INTRODUCTION
In late March 1971, the automated gas turbine vessel, Euroliner, departed from the shipyard of Rheinstahl Nordseewerke, Emden, West Germany, and began providing the "vehicle" services of a new cargo transportation system operating between the east coast of the United States and Northern Europe.
Designed by John J. McMullen Associates and operated by J&J Denholm (Management) Limited under long-term charter to Seatrain Lines, Inc., the Euroliner, Fig. 1 , is powered by twin Pratt & Whitney Aircraft FT4A-12 gas turbine engines driving controllable pitch propellors through doublereduction, locked-train gearboxes. She is designed to American Bureau of Shipping Classification ABS Al (E) AMS ACCU for an unattended engine room.
The vesselts particulars are:
1 Length overall, 798 ft-06 in. 2 Length BP, 738 ft-0 1 /2 in. 3 Molded breadth, 98 ft-05 in.
2 Selection of the gas turbines to power this new fleet of ships was made after extensive total ship life economic studies by a management team concluded that the gas turbines offered the best potential for the ship owner to achieve his desired objectives:
1 Maintain a regular schedule with speeds averaging 25 knots. 2 Maintain a 12-hr, in-port turnaround capability, including repair of machinery, casualties, and normal maintenance to the propulsion plant, thus giving the ship a high availability.
3 Provide a hull which would make available 10 percent more container capacity due to the compactness of the machinery space. 4 Reduce installation costs. 5 Increase earning power due to earlier ship delivery as a result of reduced installation times.
6 Operate with a reduced crew.
The main propulsion plant of Euroliner is a major subsystem within the most vulnerable link of the transportation network. Therefore, during the design phase, particular attention was directed toward choosing reliable equipment which would serve to complement other shipboard systems, reduce the vulnerability of the link, and give maximum design reliability to the propulsion plant.
Modularization of the gas turbine emanates primarily from the concept to reduce man-hours required for installation and removal of the main propulsion unit, thereby increasing the vesselts availability. A complete modular "plug in" concept was conceived as giving the unit the optimum in design.
Various technical problems were resolved by an engineering team, consisting of representatives of J&J Denholm (Management) Limited, Seatrain, Turbo Power and Marine Systems, Inc. and RNSW (Rheinstahl Nordseewerke). only 30,000 lb. The power pac is built on a box-framed base constructed on 14WF68 longitudinal and cross beams with machined pads. Five, 4-in, cross beams, spaced 2 ft. apart, with a 3/16-in. plate on top and bottom, and filled with fiberglass-sound insulation, make up the floor for the engine enclosure
The gas generator enclosure, mounted on the engine base assembly, houses only the gas generator with the bellmouth extending out the front and the free turbine out the rear.
The enclosure is constructed of sound-absorbing walls and ceiling. The roof panel is removable and is held down by three latches on each side to reduce man-hours required for a gas generator removal and replacement. The front panel has a removable section held in place on each side by U-channels and on top by a roof panel, which can be lifted up out of the way to permit gas generator removal from the enclosure. The back panel incorporates another removable panel for vertical removal of the free turbine. Access to the enclosure is by way of large double doors in the middle of the enclosure and a small door on the forward end as shown in Fig. 3 .
The engine mounts, Fig. 4 , support the gas turbine at three points: the 12 o'clock position on the gas generator intermediate case, the 3 o'clock, and 9 o'clock positions on the free turbine. The front mount, which supports the gas generator, consists of two pedestals supporting a beam from which the engine is suspended by a ball joint arrangement. These pedestals pivot axially about a clevis on the base. With this arrangement, the front of the engine is supported vertically and restricted from side movement while allowing for radial and axial thermal expansion.
The free turbine rear mounts, which are supported on two, 8-in.-dia., U-shaped tube weldments, consist of two housings, both accommodating a trunnion shaft which mates with the base of the free turbine side mount ball joint. Both trunnions can slide freely in the housing bases to allow for thermal expansion in the radial direction. The system is designed for single-point thrust takeup, and the right side trunnion is free to pivot in an axial direction. Vertical loads are absorbed at both side mounts, while the axial loads are borne solely by the left mount. The keel guide takes side loads only and maintains the engine's transverse alignment.
The Marine Power Pac incorporates two separate lubricating systems, one for the gas generator and one for the free turbine (Figs. 5 and 6).
The gas generator's external lubricating system consists of a 16-gal. reservoir, sea water/ oil cooler, 25-micron duplex filter, oil temperature regulator, instrumentation, and metallic chip detector. The duplex filter incorporates disposable elements and a valve in the housing to select one filter or the other, which allows filter changing and servicing without having to secure the engine.
Oil from the breather system of the gas generator is vented to an electrostatic precipitator, mounted on the rear of the acoustical enclosure, whereby the oil particles in the mist are ionized, precipitated on collector plates, and returned to the gas generator lube oil system. Clean air is then exhausted to the atmosphere from the precipitator.
The free turbine lube oil system is similar to that of the gas generator, except that the 
<==--]
Flg.9 Hydraulic starting system
The water spray extinguishing system employs water fog to extinguish any fires. Initial water supply to the 12 fog nozzles, arranged four in a row, is from a 1000-1 tank filled with fresh water at 7 Kp/sq cm. If additional water is required for extinguishing, the shiprs service fire pumps are automatically started delivering sea water to the fog nozzles.
The Marine Power Pac Starting System utilizes a high-pressure hydraulic system to motor the gas generator ( Fig. 9 ). The system incorporates two variable delivery hydraulic pumps, which are powered by 100-hp shipyard supplied motors, two variable displacement hydraulic starters, one hydraulic control accessory package, and several small in-line mounted valves. Filtration, pressure relief, flow control instrumentation, and fluid storage for the start system are provided by the accessory package. The variable displacement starter is mounted on the N2 gearbox of the gas generator, and all plumbing connections use highpressure hose and stainless-steel pipe to base The heat detectors and the ultraviolet detectors supply the signals to the fire-extinguishing control panel located in the machinery control room. When an alarm is initiated by either the heat or the ultraviolet detectors, a red light illuminates on the control panel, and the data logger and mimic panel will receive and indicate appropriate signals. However, no extinguishing action will be initiated. If the heat and ultraviolet signals are received simultaneously, the extinguishing light will illuminate and the fire extinguishing system will be activated. interfacing connections. The fuel oil system components included consist of fuel filters, engine-mounted fuel pump, a fuel modulating valve, shutoff valves, pressurizing and dump valves, manifolds, nozzles (internal to the gas generator), and a fuel purge valve.
Fuel is supplied by the ship's service fuelhandling system through a 30-micron absolute filtex to the power pac base interface ( Fig. 10 ). From there it flows to the engine-mounted fuel pump where the fuel pressure is raised to approximately 700 psi. High-pressure fuel flows from the pump through a solenoid operated shutoff valve in the fuel modulating valve, thence to an external, base-mounted solenoid operated shutoff valve, and finally through the pressurizing and dump valve to the fuel manifolds. Surplus fuel not used by the engine is recirculated back to the pump inlet.
The amount of fuel the modulating valve passes (Fig. 11) is regulated by an electronic fuel control, which is housed in the air-conditioned Machinery Control Room. The electronic fuel control positions the modulating valve in response to the following engine operational parameters:
1 High compressor speed (N ) 2 2 Gas generator exhaust temperature (EGT) 3 Free turbine speed (N ) 4 Torque limiting outpu 5 Compressor inlet temperature (Tt2 )t2
In addition to positioning the modulating valve, the fuel control also provides the following functions:
1 Flameout sensing with shutdown authority 2 Exhaust gas temperature limiting with shutdown authority 3 Lite-off sensing 4 Isochronous control of free turbine speed with variable reference 5 Overspeed shutdown authority.
The power pac fuel system is equipped with a purge system to preclude the possibility of waxing the fuel system due to an inadvertent shutdown while burning a heavy distillate fuel. A manual, three-way valve is installed in the bypass of the modulating and quick-acting fuel shutoff valves such that, in the event of an engine shutdown while burning heavy distillate, and the fuel temperature is expected to fall to less than 10 F above the cloud point, the diverter valve is positioned to drain bypass fuel to the power pac drain manifold.
The gas turbine is equipped with a fuel atomization air-injection system, consisting of a filter, solenoid valve, and check valve mounted on the gas generator. This system is automatically controlled by the start/stop sequencing system and is used to improve starting capabilities and, during shutdown, to prevent coking of nozzles when using low-grade distillate fuel. The gas generator is protected from the formation of ice by an anti-icing system. The fiberglass inlet fairing is electrically heated, while the hollow nose cone of the gas generator utilizes compressor bleed air to keep the surface hot and thus protect against the formation of ice. A temperature-sensing unit is incorporated into the inlet plenum chamber and automatically opens the engine anti-ice valve when ice conditions exist. The bellmouth heater is manually operated and equipped with an electrical interlock, which senses gas generator lube oil pressure, to preclude the possibility of energizing the heater circuit when the gas turbine is not running and damaging the bellmouth.
Gas generator and free turbine vibration is monitored by a six-channel system consisting of the monitor, which is mounted on the control console, and three accelerometers on each engine-gas generator inlet case, free turbine inlet case, and free turbine exhaust case.
Primary air, which is air used for the combustion to generate the hot gases to drive the free turbine and to cool the internal components of the engines, is drawn through mist extractors located on the after end of the superstructure on the lower bridge deck, Fig. 12 . Incorporated within the plenum chamber are silencers to attenuate the intake noise, while the plenum chamber itself is acoustically insulated to further attenuate the noise level. Access to the plenum chamber is through a door, which, when unlocked, electrically interlocks the engine start system to preclude the possibility of starting an engine while personnel are inside. The secondary air system of the Marine Power Pac cools the gas generator and associated equipment contained within the gas generator enclosure. The air is drawn from outside the ship by an axial flow fan and is discharged from a duct to the Fig.l5 Loading power pac into shipping container front lower side of the gas generator enclosure. After the air flows through the enclosure, it is ducted from the enclosure to the free turbine exhaust ducting, Fig. 13 .
To aid the shipyard in the installation of the power pac, all electrical wiring of the units is completed at the manufacturer's plant. Wiring for engine components and control circuits terminates in four base-mounted, explosion-proof junction boxes. Cabling from the junction boxes is led to the web of the base frame "I" beams, where it is hooked up to quick disconnect connectors. The shipyard is furnished with the mating half of these connectors for installation on their cabling.
Mechanical interfaces of the gas turbine are terminated along the engine base. The interface connections to the base required by the shipyard are: (a) cooling water for the gas generator and free turbine lube oil coolers, (b) air for the engine air assist system, (c) fuel oil, (d) hydraulic starter skid, (e) water for fire-extinguishing system, (f) enclosure and engine manifold drains, (g) secondary air, (h) free turbine elbow drains, and (i) instrumentation readouts, Fig. 14. 
Fig.16 Machinery control room
During the fabrication of the pacs, constant supervision and quality control checks are performed to assure that the units are built to print. All electrical systems are given a continuity and dielectric check, while the plumbing is flushed, pressure checked, and sealed for longterm storage.
One complete power pac was tested after final assembly to functionally prove all systems and components. Subsequently, each gas generator and free turbine was test run separately prior to installation in the module.
A specially designed, 40-ft container was constructed. The container, similar to those carried aboard the vessel, is fitted with lighting, dehumidification equipment, and installation handling gear. The engine is loaded into the container through a 27-ft removable section of the roof, as shown in Fig. 15 , while other auxiliary equipment, supplied by the manufacturer, is loaded through the end doors. The container is designed to accept the standard "goose neck" chassis and will fit into the cell guides of a container ship. Upon the container's arrival in the shipyard, the equipment may remain in the container until such time as needed by the yard for installation into the vessel.
Main Propulsion Control System
The fully automated propulsion control system of Euroliner enables the vessel to operate with a 16-hr unattended engine room. The propul- Fig.17 Bridge wing control sion controls may be actuated from the engine room, Fig. 16 , bridge, or bridge wings, Fig. 17 , with the engine room control station possessing "override" authority.
To minimize trouble-shooting of the control system, modularized electronic cards are incorporated in the automatic sequencer and dataprocessing units.
The central digital data-processing system monitors the complete propulsion plant, including gas turbines, reduction gears, controllable pitch propellors and shaft alternators. Logic outputs of this cyclically scanning, electronic measuring data-processing system actuate printers, typewriters, digital displays, and alarm indicators.
The output signals of the data-processing system are measured against points whose high or low limits are stored in a memory bank. If an alarm condition exists, the disturbance printer records on a log the date, time, and number of the measuring point signaling a disturbance. In addition to a print-out on the log sheet, audible and visual alarms will sound in the machinery spaces, machinery control room, bridge, and duty engineer's cabin. Acknowledgment of the alarm by the duty engineer from his cabin will silence the audible signal, and the alarm lights will switch from flashing to steady state. When the alarm has been corrected, the lights will go out. A digital display system on the console allows the operator to choose, on demand, any measured point throughout the propulsion plant.
In conjunction with this digital display system, a mimic panel allows the operating engineer to determine the prevailing conditions of the plant at a glance. The mimic panel employs a darkboard concept to reduce the possibility of faulty actions by the operator during times of emergency.
During normal operation, with no alarm conditions existing throughout the plant, the mimic panel has no lights on, except for lights showing operation of the hydraulic pitch pumps for the propellor actuating system and the reduction gear lube oil pumps. The propulsion control for the main engines employs an integrated throttle/telegraph combination. Pitch and speed settings are programmed into the sequencer, such that movement to a given position automatically brings engine speed and propellor pitch to the programmed values. In the event of a malfunction of this automatic system, a totally manual backup system has also been incorporated into the propulsion control system. Operation of the plant in this mode is from the central control console with the throttle/ telegraph now functioning as a conventional ship's telegraph.
A unique feature of the throttle/telegraph is the follow-up indicator. During the maneuvering mode of operation, the pointer measures pitch angle, while during normal cruise operation, it senses power output of the gas generator.
The gas generators employ both speed and power governing. In the maneuvering mode of operation, the vessel operates on speed governing, maintaining a free turbine speed of 2000 rpm in order to assure proper operation of the shaft driven alternator. To minimize the cycling effects on the gas generator and its components, the "at sea" conditions employ gas generator power governing (constant power), allowing the power train to vary in speed as the load varies. The propulsion system is protected from overtorque by input logic to the electronic fuel control, which measures free turbine speed, gas generator speed, and inlet air temperature, and compares these values against programmed values. To further protect the system, a redundant overspeed protection system has been incorporated into the propulsion control system. In the event the free turbine becomes unloaded and accelerates to 3960 rpm, the gas generator is auto matically shut down.
To further assist the operating engineer in trouble-shooting the automatic propulsion control system, a simulator is provided with each engine control. This system allows the operator to run a "static" functional check of the entire automatic sequencer and to determine all engine values for control of the automatic system. Like the data-processing system, the sequencer/simulator employs replacement modular electronic cards to reduce the time spent in trouble-shooting the system.
To minimize installation time of the propulsion control system in the vessel, a complete simulation check of the equipment is made at the manufacturer's plant. Control engineers simulate all propulsion conditions and verify that the console is built to print and functions as designed. This concept has gone a long way in helping to reduce "man-hours" expended at the shipyard to install and check out the equipment.
Power supply for the propulsion control systems, data-processing systems, and sequencer/ simulator systems is independent of the ship's main a-c bus. The uninterrupted power supply is obtained by means of batteries which float on a d-c bus obtained by rectification of the ship's a-c supply. The batteries and d-c supply are used to drive motor generator sets which provide isolation from power fluctuation of the ship's main bus. The MG set outputs are three-phase, a-c, 50 Hz, 380 v which are fed through transformer rectifier systems to obtain various d-c voltages required by the equipment.
The short period of time in which this installation was accomplished is attributed to the technical team who had, as one of their prime objectives, to minimize the time for a power pac installation.
The power pac was lowered into the engine room through a watertight door in the after engine room bulkhead (Figs. 19 and 20) . Once inside the engine room, the pac was moved into place by util-
-Installation
Installation of the power pats into Euroliner was done shortly after the vessel's launch on October 24, 1970 (Fig. 18) . The shipyard, never having installed a gas turbine unit before, positioned the engines on their pedestals in only 6 hr. izing the ship's own handling gear consisting of a fore and aft, single-track monorail system employed to position the power pac for transfer to an athwartships double monorail hoist system. Once transferred to the athwartships handling system, the power pac was positioned over the base pedestals and lowered into place. The free turbine output shaft, which is connected to the free turbine rotor shaft by a diaphragm coupling, had to be established concentric to the rotor shaft prior to aligning the engine to the gearbox.
A unique method was devised to minimize the time spent in aligning the engines. A specially designed shaft support pedestal is located on the subbase near the output shaft flange (Fig. 21) . This pedestal employs crowned cam follower bearings for rolling the output shaft, along with vertical and horizontal adjusting screws. To establish the concentricity, an electronic sensing head is clamped onto the shaft and so positioned that, when the output shaft is rotated, any deflection of the coupling due to shaft misalignment will be reflected on the meter. Accuracy of this meter has enabled us to establish a deflection limit of 0.00008 in. at the diaphragm coupling in order to have an 0.002-in, concentricity reading at the output shaft flange.
With the concentricity established, the engine subbase was shifted to align the power pac to the gearbox. Final positioning was achieved 4 hr after start of alignment.
Significant problems were encountered in the fitting of chocks due to engine subbase pad distortion. Improper attachment to the engine base resulted in distortion, and thereby extended greatly the time required for the fitting of chocks. Subsequent units had their base mounting pads ground flush to within 0.002 in.
During alignment work, all shipyard interface piping and electrical wiring were brought to within 1 ft of the engine subbase. Immediately upon completion of the alignment, all plumbing was connected and wiring hooked up. Due to differences in European and American wire sizes and a decision to use a quick connector at the engine base, a junction box was incorporated in the shipyard wiring to accommodate the wiring interfaces.
A complete continuity check was performed again on all cabling between the power pac and engine control console to insure correctness.
Upon completion of all interface hookup, flushing of the ship's fuel oil handling system commenced. Special attention was given to system cleanliness. All of Eurolinerts fuel tanks are epoxy coated, while the dirty fuel settlers employ a floating suction to minimize the possibility of contaminating the engine fuel manifolds. Four, self-cleaning fuel oil separators purify fuel from the settling tanks and deliver it to day tanks. All ship's piping downstream of the purifiers is stainless steel. To minimize further the possibility of contamination, the fuel oil system employs a depth-type mechanical filtration system, which incorporates one 15-micron primary and three 7-micron secondary filters whose housing is stainless steel with water jacketing. A final 30-micron absolute filter is supplied by the engine manufacturer. Since the gas generator and free turbine lube systems are all contained within the power pac, only a replenishing line is required to be interfaced to the lube system.
Simultaneously with the mechanical interface work, check-out of the main propulsion control console was underway. Utilization of the automati sequencer-simulator enabled the control engineers to fully verify all engine start functions and timing sequences prior to light off of the first engine.
One hundred and two days after the power pacs were positioned aboard the vessel, all prelite-off check work had been completed (Fig. 22) .
Functions checked were: ly successful. This was accomplished using the manual start/stop system, followed several days later by a start utilizing the automatic system. With the main engines running and all systems functioning satisfactorily, shaft-driven alternator system check-out commenced. Two weeks were used for this check-out, since technical difficulties were encountered in the control system c for the alternator. Upon completion of this check-out, overnight runs were made at dockside to check the entire propulsion train. Only limited power (7000 hp) could be applied due to dockside restrictions. The vessel's alarm systems were demonstrated for the American Bureau of Shipping, Board of Trade, and the shipowners and operators. The demonstration involved the engineer's alarm system, fire-detection system, pump failures, etc. A significant demonstration involved the testing of the auxiliary diesel's ability to start, come up to speed, and pick up the load in the event of a shaft alternator failure. The test showed the diesel to accomplish this in 4 sec.
A complete check of the AEG Datazant System was made by the owners, American Bureau of Shipping, and the Board of Trade. All alarm limits were checked by either actuation of the level switch or simulation in the case of pressure or Initial light-off of both engines was total-temperature switches.
The free turbine overspeed system was demonstrated for all concerned. Redundant systems were tested independently and the trips were set for 3960 rpm, which is 10 percent above the normal running speed. Special consideration to set the trips at 3960 rpm in lieu of the required 4150 rpm was given by the resident American Bureau of Shipping inspector because the shaft-driven alternator manufacturer did not want the unit subjected to speeds of 4100 rpm or greater. This consideration was granted because of the 3700-rpm free turbine topping governor which is incorporated into the electronic fuel control.
Less than one month after dock trials commenced, Euroliner was now considered ready for sea trials.
Sea Trials
Sea trials involved an overnight run to Blohm and Voss Shipyard in Hamburg, Germany, where the vessel was drydocked to clean and paint the hull below the waterline and to replace faulty propeller hub bolts. During the overnight run, the engine fuel controls were trimmed, and the duct test instrumentation was calibrated for the sea trials. The only significant problem encountered on the run was free turbine instability on the starboard engine. The problem was isolated to the fuel control, and during the vessel's stay in Hamburg, the control was replaced.
On the evening of February 24, 1971, Euroliner departed Blohm and Voss Shipyard and headed down the Elbe River into the North Seals Skagerrak to conduct her sea trials and to prove the effectiveness of the technical team in designing and constructing this "vehicle" for the new transportation system.
During the course of sea trials, special testing was conducted to determine the following:
1 Inlet and exhaust duct pressure losses 2 Inlet total pressure distortion 3 Secondary cooling air system and component temperature survey 4 Gas turbine related airborne noise 5 Power pac base vibration.
The inlet pressure loss calculated at 100, 90, and 50 percent power resulted in 2.44, 2.39, and 1.38-in. H2 0, respectively (Fig. 23) .
The inlet loss, 1.87-in. H 2 0, at 100 percent power, was slightly lower than that originally calculated, and well within the limits of 4-in. H2O loss set by specification.
The exhaust duct pressure loss was 2.76-in. H 2 0 , considerably lower than the specification of 6.0-in. H2 0. This lower actual duct loss can be partially attributed to a large chimney effect.
The inlet distortion was found to be very low for all power settings. The inlet total pressure data reduced by computer program resulted as shown in Table 1 . The secondary air temperature survey indicated that secondary cooling air fans were not required at any power. The secondary air inlet into the exhaust duct, which acts as an eductor, created sufficient airflow to limit the cooling air temperature rise to 67 F. At full cruise power, without the fans operating, the pressure in the enclosure was negative, and all the engine component temperatures were well within satisfactory limits. With the fan running at full cruise power, the cooling air, AT, was 44 F, and the enclosure pressure was +1.4-in. H 2 0.
Noise levels were high in the machinery room, but were good in other parts of the ship. The noise level of the free turbine at 90 percent power was 112 dB (measured at 3-ft distance) (Fig.  24) .
The vessel demonstrated various speed change maneuvers from the control console and bridge. All maneuvers were demonstrated with ease, and the vessel exceeded all design expectations. One problem was encountered when going from half astern to 40 percent cruise ahead on both shafts. There was a momentary N3 sag below 2000 rpm, which resulted in dropping the shaft driven generators on underspeed. As a result, a 3 1/2-min. time delay was incorporated into the circuitry to prevent crossover to N2 control until 3 1 /2 min. have passed and the vessel had accelerated sufficiently to prevent N3 sag.
The shaft brake test demonstrated the ability of the brake to stop the shaft and gear train in the event of a lube oil failure. Actuation of the shaft brake switch automatically shut down the gas generator. When the speed of the shaft had decayed from 135 to 70 rpm, and when the propeller was at flat pitch, the brake came on. The brake application was smooth and had the shafts stopped 2 1 /2 min. after the shaft brake sequence was initiated.
During tests conducted to simulate loss of the propeller pitch control pumps, it was observed that during all maneuvering operations, two pumps were required to maintain control of the propellers. Several times during dock trials, the propellers slewed uncontrolled from ahead pitch to astern pitch with only one pump in operation. The Control System of the vessel now has a set of contacts wired into the automatic system, so that any time the vessel is in the maneuvering range, two pitch control pumps will be in operation.
Three speed runs were conducted at 100 percent normal rated power with the propeller at maximum pitch. During the course of the speed runs, the 3700 N3 topper was continually activated, thus limiting the amount of power the propeller could absorb. For three runs, the speeds were 28.35, 27.40, and 28.15 knots.
A single-shaft speed run was conducted at the owner's request, and the vessel exceeded 21 knots at 100 percent normal engine power during this run without exceeding the maximum shaft torque limitation.
A crash stop maneuver was accomplished with the vessel at full power and 28 knots sea speed.
During the crash stop, the windmill limiter circuit prevented pitch reduction at free turbine speeds above 2500 rpm. The limits were reset such that pitch would come off at 2750 N3 with a 50-rpm differential, and the maneuver was repeated. This time the vessel was stopped in 4 min. and 15 sec.
As one of the last tests, Euroliner was required to demonstrate the ability to run in unmanned operation. No personnel were allowed in the machinery spaces, the engines were placed on bridge control, and only critical personnel were allowed in the machinery control room in the event of an emergency. The 6-hr run turned out to be completely successful and easily met the American Bureau of Shipping's requirements for unmanned operation.
The vessel completed her sea trials on February 28, 1971, having met, and, in most cases, exceeding all design criteria. No major posttrial operational work was necessary, and on March 24, 1971, she was turned over to her owners and operators.
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On the initial test, the ship came to a dead stop in 5 min. and 25 sec. Various parameters with respect to time during the crash stop maneuver are presented in Table 2 . Bridge rang up stop
